The effects of isatin (2,3-dioxo-indole) and isatin analogues (5-methylisatin, 6-hydroxyisatin, 7-ethylisatin, N-acetylisatin) 7-ethyl-and N-acetylisatin are the most effective of these compounds both in blocking the development of PGE2-induced fever and also in attenuating existing the PGE 2-induced fever.
Introduction
Isatin is an endogenous compound present in mammalian tissues, including the brain and body fluids [1, 2] . The highest concentration was found in the hippocampus [3] . Administration of isatin to mammals causes a number of behavioural reactions [4] [5] [6] . In vitro isatin is a potent inhibitor of monoamine oxidase B and of atrial natriuretic peptide (ANP) receptor binding [7, 8] . It is a potent inhibitor of both atrial natriuretic peptide (ANP)-stimulated membrane bound guanylate cyclase [1] ) and nitric oxide-stimulated soluble guanyl cyclase [8] . The distribution of isatin-specific bindig is highest in the cortex, followed by the cerebellum, hypothalamus, hippocampus, brain stem, thalamus and striatum [9] .
We demonstrated earlier that isatin is able to block the hyperthermic action of natriuretic peptides such as (ANP, brain natriuretic peptide (BNP-32) and C-type natriuretic peptide (CNP-22) [10] and also pituitary adenylate cyclaseactivating polypeptide [21] . These hyperthermic effects could likewise be blocked by noraminophena-zone (a cyclooxygenase inhibitor) [10, 11] .
In the mechanism of fever, the final pathway is the interleukin-prostaglandin (PG) cascade, which results in PGE2 [12] . The present experiment was carried out in order to ascertain whether the initiation of PGE2-induced fever could be blocked by isatin and to establish the minimum dose that influences existing PGE2-induced fever. We additionally set out to establish whether certain analogues of isatin have the same potency in modifying PGE2-induced fever, or whether they are more or less effective.
Materials and Methods

Animals
Adult male Wistar rats weighing 200-240 g and CFLP male mice weighing 20-24 g were used. The animals were housed in groups of 5-6 per cage in a room maintained at constant temperature ( 23 ± l˚C ) and on a 12-h alternating dark-light period (lights on from 6 to18 ). They had free access to tap water and standard laboratory food.
The animals were kept and treated under the protocol accepted by the Ethical Committee for the Protection of Animals in Research at the University of Szeged.
Surgery
Prior to intracerebroventricular (icv) PGE2 administration, the rats and mice were anaesthetized with pentobarbitalNa (Nembutal, 35 mg/kg intraperitoneally (IP) and a stainless steel cannula was introduced stereotaxically into the lateral brain ventricle and fixed to the skull with dental acrylic cement. In rats the coordinates of the stainless steel cannula were 0.2 mm posterior; 1.7 mm lateral to the bregman; and 3.7 mm deep from the dural surface according to the atlas of Pellegrino et al. [13] . In mice it was 0.5 mm posterior, 0.5 mm lateral and 3 mm deep from the dural surface. Following cannulation the animals were allowed to recover for 5 days before testing.
Treatments
PGE2 was purchased from Sigma Chemical Co., St Louis MO, USA). It was administered icv in a dose of 1 µg for mice and of 2 µg for rats in each case a volume of 2 µl.
Isatin was purchased from Sigma Chemical Co., St Louis, MO, USA. The isatin analogues were prepared by Brian L. Goodwin by standard methods [14] [15] [16] , modified where necessary. All structures were confirmed by mass spectral analysis [18] . Isatin and its analogues dissolve well in saline with moderate heating (50-60˚C for 2 min). The solutions were administered ip in a volume of 0.1 ml/10 g, b.w to mice, and of 0.25 ml/100 g b.w. to rats.
The following isatins were used: isatin, 5-methylisatin, 5,6-dimethylisatin, 6-hydroxyisatin, 7-ethylisatin and N-acetylisatin.
Procedure
In order to minimize the stress-induced increase in body temperature, the animals were subjected to handling by the experimenter each day after the cannulation.
On the day of the investigation, the animals were transferred to the laboratory 2 h prior to the beginning of the experiment, in order to allow them to habituate to the experimental environment. The room temperature was maintained at 23 ± 1˚C throughout the experiment.
Each animal was then removed from the cage and gently restrained with a cloth on the table. The colon temperature was monitored by inserting the vaseline-lubricated thermistor probe of a digital electric thermometer (Model: Cole-Parmer 8402-10) to a distance of 5 cm into the rectum of rats, and of 2.5 cm in mice. Animals exhibiting a more than 0.4˚C increase above the normal were discarded from further testing (less than 10% of the animals). 30 minutes later the temperature of the animal was measured again. This was the starting point. Each group had its own control, the control animals were treated with saline for all experiments. Each animal was used only once.
The following groups were tested both in mice and rats:
1) PGE2 was administered icv and simultaneously an isatin or analogues were administered ip. and the action on the development of fever induced by PGE2. was tested (10 subgroups).
2) An isatin and its analogues were given 30 min following PGE2 administration, when the PGE2-induced fever had reached its peak. In this case the action of the isatin on the already elevated body temperature was tested. (10 subgroups).
The lowest dose of isatin which could block the fever was determined and the starting dose of the analogues was equimolar to that of isatin .
The temperature of the animal was measured at 30 min after treatment and then hourly for 3 more hours.
Each treated group consisted of 5-12 animals.
Statistical Analysis
For statistical analysis of the data, analysis of variance (ANOVA) was performed. For comparison of the individual groups, Tukey's test for multiple comparisons with unequal cell size was used. A probability level of 0.05 was accepted as indicating a significant difference.
Results
The dose and the time at which PGE2 induced the maximum increase in colon temperature were first established. For mice this dose was 1 µg, while for rats it was 2 µg icv, the peak of the response occurring 30-60 min following administration. (Data not shown).
In pilot studies for the isatin-treated group, the initial dose was 50 mg/kg ip in both mice and rats, either In order to save space the final data are condensed in Table l .
As concerns the lowest doses of isatin: in mice, 3.12 mg ip blocked the PGE2-initiated fever F(3, 24 = 6.92 and 12.5 mg/kg attenuated existing the PGE2- 
Discussion
The results demonstrate that isatin itself displays significant antipyretic properties and acts on PGE2-induced fever. It is generally accepted that pyrogenesis is a cascade event in which a number of cytokines finally cause the release of PGE2. Most antipyretic agents act by inhibiting the arachidonic cascade and blocking PGE2 synthesis. Isatin and its analogues can additionally block hyperthermia beyond PGE2. The mechanism of this action is not known, but this behaviour suggests a new type of antipyretic agent with a new mechanism of action. Clarification of the detailed mechanism clearly demands further experimentation.
The data presented above reveal that rats and mice do not react to the different isatins in exactly the same way, and the initiation of PGE2 fever is not influenced in the same way as already existing fever. It seems that 7-ethylisatin and N-acetylisatin are the most powerful antipyretic agents in both rats and mice, both for the prevention fever initiation and for the attenuation of the fever which has already reached to its peak. As regards the possible mechanism of action, the following options can be considered: PGE2 has 4 subreceptors, EP1, EP2, EP3 and EP4. In rats, it seems that the EP1 and EP3 receptors are important in producing the early phase of fever [19] . The EP2 receptor inhibits the forskolin -induced increase in cAMP [20] ; EP1 receptors mobilize CA2 + [21] . In mice, however, the EP3 receptor appears seems to be important [22] .It is important to note that isatin-binding proteins in the rat and mouse brain are similar but not identical [23] . One of the mechanisms of action could be that isatin and its analogues act as PG receptor antagonists. It is possible since EP3 and isatin are G-protein coupled receptors [24] they are interacting on these receptors.
The opioid system might play a role in PGE2-induced fever. Naloxone, a mµ opioid receptor antagonist, can block PGE2-induced fever [25] . Pyrogens increase the endogenous opioid level in the hypothalamus; beta -endorphin and buprenorphine (an opioid receptor antagonist) can attenuate the hyperthermic action [26] . We do not yet know whether isatins are able to block the endogenous opioid system.
A number of neuropeptides act as antipyretic agents. Are the isatins able to stimulate the release of these neuropeptides? Vasopressin shows a sex-related antipyresis [27] , and in many other ways isatin acts in a similar way to vasopressin [28] . Lipocortin-1, vasopressin and alpha-MSH inhibit the central effects of cytokines [12] . Gamma-MSH, ACTH, and glucocorticoids are able to antagonize the febrile response to pyrogens [29] . The pituitary adenylate cyclase-activating polypeptide-induced increase in body temperature can be antagonized by a dopaminergic antagonist [30] .
A number of transmitters could also play a role in mediating the fever-inducing action of the PGs. PGE1 -induced hyperthermia is reduced by the muscarinic and nicotinic antagonists atropine and mecamylamine, and the serotonin antagonist methysergide [31] . The GABA (A) receptor agonists muscimol and glycine reverse PGE2-evoked thermogenesis [32] .
Conclusion
The data obtained so far suggest that the isatins might be new and potent antipyretic agents which act beyond the PGs. 
Acknowledgements
